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Introduction
Grain mo ld resistance breeding in sorghum (Sorghum 
bicolor) at I C R I S A T and in Indian national programs has
focused on developing varieties, restorer l ines, and
hybr id seed parents u t i l i z ing resistance f rom germplasm
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l ines of diverse geographical o r ig in . Dur ing the past few
years, I C R I S A T has developed a large number of h igh -
y ie ld ing , grain mo ld resistant B-l ines using pedigree
breeding w i th single- and three-way crosses and selecting
the progenies under high disease pressure in field
screenings (Reddy et al. 2000). Resistance stabi l i ty of
some selected elite B-l ines was tested through a 
col laborat ive Sorghum Grain M o l d Resistance Stabi l i ty
Nursery ( S G M R S N ) established in 2002. The results of
trials conducted at diverse locations in India are
presented.
Materials and Methods
The nursery and its management. The S G M R S N is a 
col laborative nursery between I C R I S A T and the A l l India
Coordinated Sorghum Improvement Project (A ICSIP) of
Nat ional Research Centre for Sorghum (NRCS) under the
Indian Counci l o f Agr icu l tura l Research ( I C A R ) ,
coordinated by I C R I S A T . The nursery was established at
Ako la , Parbhani, Palem and Patancheru in India. It
included 43 F6 to F8 male-ster i l i ty maintainer progenies
f rom 17 crosses invo lv ing 20 B-l ines, 8 inbred lines and
one B-l ine populat ion that had shown desirable agronomic
traits and grain qual i ty , moderate grain y ie ld potent ia l
and moderate to h igh level of gra in m o l d resistance at
Patancheru, and two resistant and two susceptible check
lines.
Each entry was g rown in 2 rows, 4 m long in 2 
repl icat ions. The recommended agronomic and cul tural
practices were fo l lowed at each locat ion. Spr inkler
i r r igat ion was provided on dry days for 30 m in per day in
the evening dur ing the f lower ing to post-physiological
matur i ty (PPM) stages to maintain h igh relat ive humid i ty
(RH) (>95%) . No art i f ic ia l inoculat ion was done w i th
any mo ld fung i . Damage by insect pests, part icular ly by
shoot f l y , stem borer and head bug was min imized by
t imely appl icat ion of pesticides.
Table 4. Weather variables at four locations in India in the Sorghum Grain Mold Variability Nursery-2002 during rainy
season 2002.
Location
No. of
days
2
No. of
rainy
days
Total
rainfall
(mm)
Akola
Parbhani
Palem
Patancheru
48
42
59
34
18-24
17-33
12-22
14-27
25-39
29-37
26-36
26-38
21-98 53-98
29-76 68-100
26-85 66-95
25-85 79-99
12
5
6
6
166
22
92
69
1. Range.
2. From flowering to PPM; sprinkler irrigation was provided at all locations except Palem during this period.
Temperature
1
 (°C) 
--------------------------
Minimum Maximium
Relative humidity
1
 (%)
Minimum Maximium
Data Recording
Plant traits. Data were recorded for quantitat ive traits
such as days to 5 0 % f lower ing (DTF) and plant height at
each locat ion, and for other traits such as glume
coverage, panicle compactness and grain color only at
Patancheru as the latter traits are least inf luenced by
weather factors.
Field grain mold severity. Five plants w i th un i fo rm
f lower ing in each row of the 2-row plot (10 plants plot
-1
)
were tagged and the overal l grain mo ld severity scores
were taken on a progressive 1 to 5 scale (1 = no mo ld , 2 = 
1-10%, 3 = 11 -25%, 4 = 2 6 - 5 0 % and 5 = > 5 0 % grains
molded on a panicle) at PPM, 10 days after physiological
maturi ty (PM) .
Threshed grain mold severity. Threshed grain (20 g)
f rom the bulk of 10 panicles per plot, spread in a petri
dish was scored for mold severity on the above 1 to 5 
scale, using a magni fy ing lens under proper l ight ing.
Grain hardness. From each plot 50 grains were subjected
to grain hardness tester (K iya Seisakusho L td . , Tokyo ,
Japan) after the grain samples were dried to 7% grain
moisture level.
Results and Discussion
Variat ion in plant traits. Significant (P <0.05) variations
occurred for D T F and plant height between sorghum
lines w i th in and across locations; and also for glumes
coverage, panicle compactness and grain color between
sorghum lines. The mean and range of each trait for the
43 test lines and for resistant and susceptible check lines
are given in Table 1. The mean D T F for 43 test lines
varied f rom 68 (at Palem) to 77 (at Ako la ) , and the mean
plant height f rom 175 cm (at Parbhani) to 198 cm (at
Patancheru) compared w i th 122-182 cm for susceptible
checks and 233-281 cm for the resistant checks across
locations.
The mean glumes coverage for test lines was 4 2 %
compared w i th 3 1 % for susceptible check and 5 0 % for
Table 1. Plant traits and grain mold severity of 47 entries in the Sorghum (train Mold Resistance Stability Nursery during
rainy season 2002 at four locations in India.
Lines
1
Akola Parbhani Palem Patancheru
Parameter Mean Range Mean Range Mean Range Mean Range
Days to 50% flowering Test lines 77 65-88 74 60-77 68 63- 73 73 60-85
S lines 72 60-84 70 61-78 61 56-66 61 49-73
R lines 85 81-88 77 76-77 67 61-72 75 72-78
LSD (P<0.05) 3.1 - 1.0 2.1 3.4 -
Plant height (cm) Test lines 190 126-261 175 117-238 177 148-245 198 133-245
S lines 122 119-125 128 127-129 182 178-185 130 120-140
R lines 273 190-355 281 207-338 233 208- 258 253 190-315
LSD (P<0.05) 25.4 9.8 - 14.1 - 23.3 -
Grain hardness
2
 (kg seed ') Test lines 6.6 4.9-8.0 5.4 2.2-8.2 6.8 4.1-11.4 2.9 0.9-6.4
S lines 5.8 4.9-6.6 4.5 4.1-4.9 6.3 4.6-8.0 2.0 1.6 2.0
R lines 7.8 7.8 10.0 9.0-10.9 9.7 8.5-10.8 7.2 6.2-8.1
LSD (P<0.05) 1.04 - 0.74 - 3.1 - 2.2
Glumes coverage
2
 (%) Test lines
S lines
R lines
LSD (P <0.05)
42
31
50
25.7
25-75
25-38
25-75
Grain mold severity at PPM Test lines 2.6 1.8-3.3 3.9 2.8-4.8 1.8 1.2-2.7 2.6 1.2-3.8
S lines 4.4 4.0-4.7 4.4 4.1-4.8 3.7 3.6-3.8 4.8 4.6-4.9
R lines 1.5 1.3-1.7 3.4 3.3-3.6 1.7 1.0-2.4 2.1 1.0-3.2
LSD (P <0.05) 0.54 - 0.45 - 0.20 - 0.34
Grain mold severity on threshed grain Test lines 2.5 2.0-3.5 4.4 3.4-5.0 1.8 1.1-2.9 2.8 1.3-3.7
S lines 4.0 4.0 5.0 5.0 3.9 3.8-3.9 5.0 5.0
R line 1.5 1.0-2.0 3.3 3.0-3.5 1.8 1.1-2.4 1.7 1.0-2.3
LSD (P <0.05) 0.70 0.20 - 0.16 - 0.37 -
1. Test l ines 43. S (susceptible) l ines 2. R (resistant) l ines 2.
2. Observations of samples f rom the four locations were recorded at Patancheru.
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the resistant check. Thi r ty-e ight of the 43 lines had semi-
compact panicle, 3 had compact, and 2 had loose panicles,
compared w i th loose to semi-compact panicles of the
resistant and susceptible check lines. Grain color varied
f rom whi te (17 l ines), red (17 l ines) and brown (9 lines).
The susceptible check lines had whi te grain whi le one
resistant check line had whi te grain and the other red
grain. These plant traits have been shown to be associated
w i th grain mo ld resistance in several studies (Esele et al.
1993, Aud i lakshmi et al . 1999, Rooney and K le in 2000).
Var ia t ion in grain hardness. Signi f icant variations
were recorded for grain hardness between entries w i th in
and across locations (Table 1). The mean grain hardness
of the 43 test lines varied f rom 2.9 kg seed
-1
 (at Patancheru)
to 6.8 kg seed
-1
 (at Palem) whi le it was 7.2-10.0 kg seed
-1
in the resistant check lines and 2.0-6.3 kg seed
-1
 in
susceptible checks across locations. Grain hardness is
considered to be one of the most desirable traits often
posi t ively correlated w i th mold resistance (Aud i lakshmi
et al. 1999). Most whi te- and bold-grain sorghums have
soft endosperm and thus they are more susceptible to
mo ld fungi than the red-grain or brown-grain sorghums
that have smaller grain size (Reddy et al . 2000).
G r a i n mold severity scores. Grain mo ld severity of the
43 test lines di f fered signi f icant ly between and wi th in
locations. The mean grain mold severity at PPM varied
f rom 1.8 (at Palem) to 3.9 (at Parbhani), and that of
threshed grains f rom 1.8 (at Palem) to 4.4 (at Parbhani),
compared w i th 1.5 to 3.4 in resistant checks and 3.7 to
4.8 in the susceptible checks across locations (Table 1).
General ly, mo ld severity scores of sorghum lines at PPM
and of threshed grains were simi lar at a location. Pooled
A N O V A for threshed grain mold severity indicated
highly signif icant (P <0.001) effects of locat ion, entry,
and locat ion x entry interact ion; of these, locat ion effect
was more pronounced than the other two.
Resistance stability. Of the 43 test l ines, 8 (SGMRs 14,
1 9 , 2 0 , 2 1 , 23, ICSBs 383, 392 and 403) recorded 1 to 2.5
mo ld severity across locations compared w i th 4.4 on the
susceptible check Bu lk Y and 1.6 on the resistant check
IS 14384 (Table 2). These eight lines are derivatives
f r o m six crosses invo lv ing 12 B-l ines and inbreds. The
dif ferent traits in these lines varied: D T F f rom 70 to 76
days; plant height f rom 148 to 221 c m ; grain color f rom
red to b rown; glumes coverage f rom 38 to 75%; panicle
compactness f rom compact to semi-compact; 100-grain
mass f rom 1.59 to 2.58 g; and grain hardness f rom 3.8 to
6.5 kg seed
-1
. These B-l ines that have stable resistance
and desirable agronomic traits could be converted into A-
lines for ut i l izat ion in hybr id programs.
Relationships between agronomic traits and mold
severity. Signif icant negative correlations were found
between D T F and threshed grain mold severity, and
between plant height and threshed grain mold severity. In
late-maturing tall l ines, grain mold severity tends to
decrease probably because of relat ively dry period
prevai l ing towards the end of the crop season result ing in
less humid microcl imate than that of shorter plants wh ich
are usually shaded by taller plants. Rooney and K le in
(2000) reported strong negative correlation between
plant height and grain mold incidence, and found
association between quantitative trait loci (QTLs) for
plant height and grain mold incidence on linkage groups
D and E. In this study, however, a negative and weak
correlat ion was found between grain hardness and
threshed grain mold severity, which was unexpected.
This could be part ly due to the equipment and method
used to determine grain hardness.
Grain mo ld severity scores at PM (not reported here)
were usually dif ferent f rom those at PPM and that of
threshed grain, but those at PPM and of threshed grain
were similar. We, therefore, suggest that mold scoring
should be done tw ice; f i rst, at PM in the f ie ld and second,
of threshed grain in the laboratory. However, it is
important to determine the r ight PM stage (black-layer
format ion) for each sorghum line in the f ie ld nursery to
record the data at the right t ime. We suggest that when
more than 5 0 % grains in the middle port ion of a panicle
of most plants in a l ine show black-layer format ion, this
should be considered as P M . The nursery w i l l be
conducted again dur ing 2003 crop season to conf i rm the
results.
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The two most common fung i associated w i th molded
seed of sorghum (Sorghum bicolor) are Fusarium 
thapsinum (FT) (F. moniliforme mat ing group F) and
Curvularia lunata ( C L ) (Bandyopadhyay et al . 2002,
Prom et al. 2003). These fungi have proven quite aggressive
in the developing kernel . These fung i typ ica l ly cause
discolorat ion, mo ld ing on the grain surface, endosperm
degradation, reduced gra in- f i l l ing ('small-seed syndrome'
in the case of Fusarium spp) and reduced germinat ion
(Bandyopadhyay et al. 2002, Prom et al . 2003). Reduced
seedling vigor, as measured by seedling height, however, has
not been reported in association w i th grain molded seed.
Earl ier reports have indicated that important levels of
infection occur at or near anthesis. Nene (1975) inoculated
sorghum panicles w i t h Fusarium and Curvularia spp at
vary ing times after panicle emergence and found the
greatest mo ld occurr ing when panicles were inoculated
3-7 days after emergence f rom the boot. Rao and Wi l l i ams
(1977) conducted a s imi lar study and found that the
greatest reduct ion in kernel v iab i l i ty occurred when
panicles were inoculated at anthesis compared w i th later
inoculat ions.
Four sorghum cult ivars were tested in a recent study to
determine the effect of early inoculat ions on v igor of
surv iv ing kernels. Sureno is a whi te- tan, zerazera variety
that is resistant to grain mold . RTx2911 is h igh ly grain
mo ld resistant, der ived f r om a SC719-11E*SC650 cross
and is a br ight-red kafir-caudatum plant type. SC170 is a 
whi te-grained, whi te-p igmented caudatum l ine wh ich is
moderately susceptible to grain mo ld and moderately
resistant to grain weathering (personal observation).
RTx430 is a h ighly susceptible variety derived f r o m
SC170 and RTx2536.
Inoculat ions of sorghum panicles were made precisely
at anthesis w i th FT or CL at 1 x 10
6
 conidia ml
-1
 suspended
in a 0.5% gelatin solut ion and measured using a 
hemacytometer. Mock- inocu la t ions (control) were
Table 1. Seedling height (mm) of four sorghum lines inoculated with Fusarium thapsinum (FT), Curvularia lunata (CL), or
mock-inoculated with water (control) at anthesis.
Genotype Treatment 14 DDP
1
% Control
2
17 DDP
1
% Control '
Sureno Control 232.5 - 377.6 -
FT 230.1 98.9 ab 352.7 93.4 a 
CL 221.8 95.4 b 344.2 91.1 a 
SC 170 Control 244.8 - 361.2 -
FT 155.6 63.6 d 288.5 79.9 b 
CL 85.3 34.8 f 160.6 44.5 c 
RT x 2911 Control 182.2 - 275.6 -
FT 185.7 101.9 a 255.1 92.6 a 
CL 158.8 87.2 c 220.5 80.0 b 
RTx430 Control 212.7 - 298.5 -
FT 100.5 47.2 e 146.2 49.0 c 
CL 63.4 29.8 g 150.8 50.5 c 
1. A total of 30 seedlings were harvested and measured in each genotype x treatment category at 14 and 17 days post-plant ing (DPP) w i t h the
except ion of RTx2911 where only 20 seedlings were harvested.
Seedlings were measured ( in mm) f r om the c rown to the t ip of the first leaf as an est imation of seedling vigor.
2. Overa l l % Cont ro l values for 14 DPP are not s igni f icant ly di f ferent if f o l l owed by the same letter (P <0.05, Bonfer ron i 's test).
3. Overal l % Cont ro l values for 17 DPP are not s igni f icant ly di f ferent if fo l l owed by the same letter (P <0.05. Bonfer ron i ' s tes t ) .
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